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Aquatic weed problems and 
management in North America 

(a) Aquatic weed problems and management in 
tllc wcstcrn Utlitcd Stntcs nnrl Carrndn 

I N T R O D U C T I O N  

A N  understanding of aquatic wecct impacts and solutions in the western United 
States and Canada is best gained from a general view of water catchment, storage 
and distribution. Although there arc many thousands of kilomctres of nati~ral 
riverine systcms and lakes, the most frequent and severe problems associatetl 
with aquatic macrophyte vegetation occur primarily in the man-made lakes, 
reservoirs, and canals throughout this region. 

Much of the inliahitetl ant1 agricultural lands in the West (especially in the f i~r  
West) are arid or semi-arid, receiving only 25 to 50cm annual precipitation. 
This fact, coupled with the generally excellent soils ant1 favourahle climate for 
temperate crops, together with the westward cxfinsion of populations during 
the late nineteenth and early twentieth centuries, prompted thc construction of 
immense, extensive (and expensive) networks of reservoirs, major high-capacity 
canals, and lateral (subsidiary) canals for agricultural, domestic, and industrial 
uses. In concert with these uses, the tlcvclopment of hydroelectric power pm- 
duction and recreational facilities has been an integral part of the overall mater- 
delivery systems. Beginning in the late 1800s, hut accelerating dramatically in 
the 1930s-1960s, federal (US Bureau of Reclamation (USHR) and US Army 
Corps of Engineers), and various state water projects were designed, financed 
and constructed to carry tremendous volumes of water from sources such as 
mountainous areas that receive heavy snowpack, and major rivers, to the more 
central and southern areas where ~opulat ion demands and optimal climates for 
crops exist. I;or example, in California, 70 per cent o f ~ h e  state's-water resour~c< :- 

are from north of latitude 38" (San 1;rancisco) (Gurmukh, Gray, and Sccklcr 
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prol)lcmatic rr~cctls apqcnr to hc: Potntnogelon prctinntrrs, I(. nndnsrrs (Fig. 19a.2), 
P. crkprr.r; P.,folio.ctis. Elndcn mnndensis, / C ~ ) ~ r i o p l ~ ) ~ l l ~ r m  .;iihtrrrn; M.  nqrmticrrnr, 

Cc~ntnpl! )~/ l rrm drmcrsrrm, 7jlplln Intfolin, T.  nn~~rrstfnlin. l,~rdrpirin rrpens. Chnrn  

spp. ant1 Clndnplrorn plnn~erntn. Although both 1:'iclrhornin rrnssipes and I l ) ~ d r i l l a  

~~cr t ic i l ln tn  are significant problems, they are not wictespread in the western 
Unitctl Statcs (escept in 'I'cxas) and are discussed as spccial cases below. 

I:IG 19i1.2. A typical irrigation canal in the wcstcrn Unitctl S~atcs, hcavily infcstctl with 
American poritlwccd (Pornrnngctnn nndnsrrs). 'l'hcsc canal systems arc seasonally draincd 
from ahout November rrntil April. 

'I'llcse lists tlo not includc all weeds causing prol>lcms in rice, a major com- 
modity in California (c .  145000 ha rvcrc grown in 1987: US Department of 
Agriculture 1987). An excellent review of rice wecds was published by Barrett 
ant1 Scaman (1980). 'Tl~csc authors reportctl that thc most frcqncntly enconntcrctl 
wccds spccics wcrc: Sngittnrin nrnntecidctrsis spp..la[yrinn;-At~~~n<nin coccincn, 

Ilncopn rotirndfil in, Ileternrrthera linrosa, ant1 @inochlon crrrs-golltAthe last of 
-2 

wliicli prohably causes the most serious p r o l > i P R e s e  weeds (and others in 
rice) arc con~rollccl priniarily by variortsly rimctl applications of thc hcrbicidcs 
molinate, thiobencarb, basagran, and MCPA. Another ncw herbicide, bensul- 
fiiron niethyl (I.ondax"'"), is currently untler intensc tcsting for use in rice anti 
possibly for other non-crop aquatic uses. 

I Fern. 

FIG. 19a.3. Uistribution ( r .  1987) of two most ilnportant nquntic rvcetls in wcstcrn Canada, --. 
Myrinpl!,~llrrtn spirnttrtn and A.I. e.rnlbcsc~nr (from P. D. Warrington and P. Nc\vroth, pcrs. 
comrn. 1985). 
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1'1~. I9a..5. (2) l<ltrasiati water rni l foi l  is oftct i  rcriinvctl rnccli:rnically i n  (:anatla irsinp a 
'rtrtov;ttor'. No tc  thc loti(! f1o;its i n  tltc fo rc~ro t~ r i c l :  t l~csc s t r l i l ~ w l  :i scrccri a.liicli is prrt i n  
pl:icc to rc t i i t i  thc nr:rny li-agnicnts provitlctl l ~ y  rotov:itirrlr. (h) C:losc view o f  liytlraulically 
o(>cratctl rotavator 'hrlsincss' cnd: notc thc rt)taring tincs and tllc Frrarncnts o f  Eurasian 
natcr ~ ~ i i l f o i l .  

S P E C I A I ,  C A S E S :  I iYI>RII ,L.A 

VERTICII ,L.ATA A N D  EICIII - IORNIA C R A S S I P E S  

Sincc  i l s  i n t r o t l u c t i o n  i n t o  t l iqLouth-eastern U n i t e d  Statcs in t h c  early I960s, 

H. z r r t i r i l l n ~ n  has progressively  spread i n l o  Texas, Ca l i fo rn ia ,  a n d  Ar izona,  a n d  

these stntes cons t i tu te  i t s  c u r r e n t  distribution in t h e  West .  T a h l e  1 9 x 7  sum-  

mar izcs t h c  i r ic i t lcncc o f  d iocc ious Ii. r e r ~ i c i l l n ~ n  in thcsc states a n d  po in ts  n u t  

Tnble 19a.7. Occurrcncc ofdioccious I f )~dr i l l a  aerlic-illnrn in the westcrn Un i ted  States" 

S t a t e  Year In fes ted  area (ha) 
- - -. - ... .. . .. - - -. .... .. . . . . ... .. . . . 

Arizona 1982 <2 (under eradication) 
California 1975 None reported 

1976 12 (Lake Ellis. now eradicated) 
1977 200-250 (Increase due to infestation and spread in Imperial 

Irrigation District where it is currently under successful man- 
agement wi th triploid grass carp) 

1984-1 986 250--320 (Additional sites in  Santa Rosa and Shasta counties: 
Sant2 Rosa site eradicated in  1985) 

1987-1 988 320-330 (Additional 10 sites in  Calaveras county and a 0.8 ha 
lake i n  San Francisco) 

Texas 1 976h - 500 
1984 4 900 
1986 > 24 000 

" h,loclifictl frnm Anclcrsrm (19Xho). Norc that rhcsc arc ninxirn~~m arcas. Wccd co\.crapcs nt srrcrnl sitcr 
have hrcn rccl~lcc~l. cspccinlly in ('.ilifi~rnia. 
' From l'ynclall (Ic)42). 

t l ia l  11ic (:nlifi)rrii;i i t i t r o c l r ~ c ~ i o t i s  arc t l i c  mos t  rcccn t  . l;i~. 19:i.O sI io \ \~s I ~ C  

t i i s t r i h i t ~ i o n  aricl sizc o f  in fcs lat ions it1 (:alifornia hy (:oi l i i ty. N o t c  that  t h c  mos t  

n o r t l i c r n  s i tc  (Sl iasta coontg)  is  lor ;~tcc l  a t l jaccnt  t o  t l i c  S n c m m c t i t o  K i v c r ,  a n i a j o r  

sorlrcc o f  water  f i r  n o r t h c r n  (:aliTortiia t lon icst ic  ancl a g r i c r t l t r ~ r a l  uscs ant1 also 

a n i a j o r  c o n ~ r i l ~ u t o r  l o  t l i c  Sacranicnto I l c l t a .  ' l ' l i is infestation is  t l ~ c  n ins t  

immct l i a tc  a n d  c u r r c n t  threat t o  t h e  extcnsivc water  t ranspor t  systems in t h e  statc 

s incc water  f r o m  t h e  Sacran icn to  I)clta i s  e x p o r t c d  t o  cen t ra l  a n d  s o t ~ t h c r n  

(:alifornia v ia t l i c  Ca l i fo rn ia  A q u e d u c t  a n d  t h e  D e l t a  M c n d o t a  Canal .  

A s  ev idcncc tha t  n o t  a l l  h y d r i l l a  in Ca l i fo rn ia  has h e e n  located (o r  tha t  i t  m a y  

s t i l l  h c  spread in^) e leven 'new' in festat ions were  d iscovered in 1988. A l l  except 

one . (Mc I ,a rcn  Park, S a n  Francisco)  arc in Cdlaveras C o u n t y  o n  fa i r l y  r e m o t e  

tracts of laticl w i i c r c  thcsc sri ial l  pon t l s  arc r lsct l  fo r  f i sh ing  ant1 somc i r r i ga t ion .  

A l tho i rgh  t h e  Calavcras sitcs arc 5 0  t o  60 k i lon ic t rcs  f r o m  t h c  S a c m n i c n t o  Dc l ta ,  

the re  i s  po ten t ia l  f o r  m o v c m e n t  i n t o  the  expansive D e l t a  waterways v ia a.small, 

seasonally f l o w i n g  t r ibu ta ry .  A s  in t h e  Shasta C o u n t y  sitcs, these infestations, 



Maximum area (acres) of hydrilla in California by county (1986) 

I 1 

Acres by county 
i Imperial: 550 
Is Shasta: 140 

San Diego: 100 
EZ3 Sonoma: 72 

I IG Yuba: 31 
m LA, SB. RV. 

S.JA. MT: <1 

once found, merc initiiccliately treatetl w i th  chclatctl copper (Komccnr") to  

I remove above-scdimcnt growth.  Subscqucnt trcatmcnts w i t h  1;luridone - (Sonair") tvill he  made t o  prevent r c g r o ~ v t l i  f r om turions. 

'I'he impacts o f  H. zierticillntn infcstations (Figs 193.7, 19a.8) arc not  unl ike 

thosc causcd h y  cxccssivc growth  o f  many othcr rooted srthnicrgcd a q u a ~ i c  plants: 

intcrfcrcncc w i th  watcr transport i n  canals, lost rccrcational revenues, hiphcr 

costs o f  management and wildl i fe. habitat- impairment.. A-un iquc fca t t~re  o f  .the _. 

-) response i n  California to  f ~ y , / r i l l n  int rot l i tc t ion was i ts classification as a ' l 'ype 

A'  pest. T h i s  clcsignation dictatctl that thc  plant was to tic cratlicatctl ~vhcncvcr  

'- - possihlc and that i ts  salc, intrastate movement ant1 in ipor ta t ion- is  i l l c in l .  As a 
1 conscqucncc, Cili'FOrnii lins c ~ p ~ ~ ~ t l c i l ~ r ~ t t g t i l y  $1.3 t i i i l l ion annually since 1978 

on various eradication eKorts on  scvcral sitcs (Anclcrson 19Rhn). 
. - 

I;I(;. 10.6. I)istril>rttinn o l  Ill*clrillcr i . err ic i l l~ /n  i n  (;alifornia showing thc grcatcst areal 
cri\-cr:~pc rcl>ortcti at atiy onc tiinc prior to 1087. Notc that rnticli o f  thc acrcagc shown 
Itas ncnv hccn rctlrtcctl ancl that infcstations in  Sliasta county and Inipcrial cotrnty arc thc 
on11 rcrnaininc I:irkc populations (fr(im Antlcrson tO8Oa). I n  1988, ailditional hydrilla 
itifcstatirins wcrc disco\-crctl in  norrhcrn Califcirnia (10 sircs in~Calavcras county; one lake 
i n  S:rn I;r:incisco: N. I>cclitrrctz, pcrs. cnmm.). 

FIG. 19a.R. A partially tlc\vatcrccl main canal in  tltc lmpcrial I r r i ~a t i on  District i n  sorithcrn 
California (1979). 1f)rrlrilln occrrpictl 50 to 7.5 per ccnt o f  the canal volume when watcr 
was flowing. This irrigation systcm was stockctl with triploitl grasscarp i n  1986 and 1987 
which has rcsriltcd i n  >90 pcr ccnt clcarancc o f  / i j vdr i / / f l .  

1'1~. 11);r.i. i lcrial view o f  a li!-drilla infcstctl arc3 o f  Shcltlon Reservoir i n  southern 
California (1984). 1;ragnicntation from upstrcani populations cariscd this reservoir to 
Iiccornc 80 pcr ccnt cn\-crctl \vitlr hyclrilia within 6 months of its cnnstrrrction. A major 
canal s!-stcni is seen to thc lcft. 

Results o f  these craclication programmes have been gooti (Fig.  19a.9) and 

on ly  t w o  major infcstations remain: Rct ld ing (Shasta County) and the Imper ia l  

I r r iga t ion  D is t r ic t  (IID) i n  the sortthcrn-most part  o f  thc  statc. 7'hc Rct l t l i t ig 

sites \\,ill probahly he cratlicatcd b y  1989 hut the 111) site is cxtcnsive and i n  

rapidly f lowing watcr. 'l'herc, several thousand t r ip lo id  grass carp were introctitced 

in 1985-1987 and early results are extremely promising w i t h  >90 pcr-gent -- 



I;IG. I9a.9. I!)~driiln cratlication has a high priority in California. llcre the complete 
excavation ant1 renovation of a 70 hectare recreatinnal and floocl control lake is being done 
in order to remove all plants and tuhers. At a cost of about US $1 000000 this lake was 
rcstoretl frnni 1985 to 1986 ant1 is now in use aaain. 

rctlitctiori in plant populations reportctl (Stocker 1987). It remains to bc sccn if 
thc continnctl presence of the fish will eventually dcpletc thc cxisting I ! )dr i l ln  
tirrinn bank, and bring about at  least near cratlication. I t  shorild he noted too 
tllat, givcri the propensity for N.-verticiNntn to sprcacl, thc cxpcnscs incurred with 
California's asser~ive eratlication programme probably have saved many millions 
of dollars over the long-tcrm since most of the potential sr~urces for spread have 
hecn rcniored rclativcly quickly. 

ITinally, to cornplcte the picture for the wcstern distrihution of IT .  z~rrticil lntn, 
rcccntly docrrrncntcct irtfcstations in an irrigation system in tile Mcxicali Vallcy, 
hlcxico (near thc Uniterl Statcs border at Calcxico) should he mentioned (Stocker 
1987). Surveys in 1987 revealed about 38 km of  earthen canals infested with 
I - i l ,dri l ln. An introduction of triploid grass carp is planned for c. 62 km in 1988- 
1989. 'I'his irrigation systcm is immediately south of the extensive infestation in 
t l ~ c  lrrtpcrial lrrigafion Ijistrict, thnrrgh thcrc is no tlirccc waterway connection 
to thc Ill.) itifest:~tions. 

T h e  probleni infestations of water hyacinth in the western United States are 
primarily in Tcxas and in the Sacramento Delta of California (Fig. 19a.l0a,b). 

1;ic;. l9a.10. (a) \Vatcr hyacinth has hrcomc a mcnacc in ninny regions or ~ h c  Sacramento 
Ilclta where it hlocks marinas and intcrfcrcs with hoar trallic. 'l'his picture shows a dense 
stand encroaching nn an irrigatic~n pump. Since 1984, the massive growths have hecn 
kept rlnder contrnl with the application of 2.4-D in a care111lly nionitorcd manarcmcnt 
progminmc. 
(h) Hclore the hcrhicide prngramme was instituted, several hundred truckloacls of water 

I hyacinth were hallled away daily froni the conveyer system on the Delta, a process costing . . . . - 
hr~nclrecls of tho~~sands of dollars annually. With the hcrhicidc pr6gramnte. costs have 

-1- 
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Accortling to .l'yntlall (1982), this cxotic spccics, which was noted as a problcm 
it1 11ic 1930s, occurrcd on abor~t 6500 ha in Texas in 1981, and c. 7000 ha in 1984 
(Grtcrra 1984). 111 California, although E. crn.rsipes was noted by the early l900s, 
problctiis (lit1 not arisc until t l ~ c  late 1940s and thcn again in 1980 (Thomas and 
Antlcrson 1984). T'hc total arca, cvcn rcccntly, has hccn small (c. 2 0  ha) compared 
to 'l'cxas or I'loritla (I985 Floritla estimates: 404000 ha accortling to Schardt i 
1086). I-l~wcvcr, the natrtrc of tlic Sacramcnto Dclii site with narrow sloughs, 
tidal movcmcnt, ant1 large pumping stations madc this infestation a serious I 

.. .. 
p~oblcnr. At the U S  llnrcait of Rcclamation pump works, tons of the plants were 1 IF- Irctnovc daily ant1 hat1 to bc hartlcd away, a job costing several hundred thousand !! 

\ tlollars annually. 7'liis cspcnsivc activity has not hccn rcquired for the past 3 f 

wars since 2,4-1) applications bcgan. L- n fii~th l'cxas and California, foliar application of the herbicide 2,4-D /++--W has j 

hccn uscd very circctivcly to rctluce the growth and spread of the water hyacinth. I 

About 4300ha of water hyacinth were trcatcd with herbicicles in Texas in 1987, i 
ant1 pcrhaps twicc that arca may need treatments in 1988 ('l'exas Parks and 
Wiltllifc Servicc, pcrs. comm.) 

In atldition, biological control agents (Nenchetinn eichhnrriiae, N. hrtrchi, Snme- 
ntlcs nl/~(~r~ttnlir) Iiavc llccti rclcasctl in C:alifornia, but havc not proved cffcctive 
in the Sacramcnto Delta as yet. 'I'he key to managcmcnt in this site has been the 
carly spring applications of 2,4-D to prcvcnt IIIC formation of massive ant1 
tnol~ilc niats of thc plants ~vliich would othcrwisc block commercial naviaation, 
rccrcatic~nal rtscs, ant1 r l~c  vital pumping systcm on which <:cntral ant1 Southern 
(ilifornia tlcpcnds. l 'his strategy is coitpletl with rcpular niotiitorinp for residues 
of the herbicicle at stratcgic points in thc Delta. In the four ycars of this 
propran~mc, no 2,4-1) rcsitlrtc prohlems have ariscn. 

T I i E  F U T U R E  

71'l~c intcnsivc urbanization, and cxpandcd agricultural and industrial activities 
in thc wcstcrn United States ovcr the past 30410 years have placed greater and 
prcater demands on the water resources of this rcgion. Thcse demands will 
intensify since the 1985 population for the sevcntcenth western states, about 
71 million, is projcctetl to incrcasc to ovcr 90million hy tlic year 2000 (USDR 
1985). 

Ijccarlsc gcncral coticcrns lor cnvironmcntal protection are ever more intcnscly 
focilsctl on water as a vital yct rnobilc resource, aquatic plant management 
stratcpics nlrlst bcconlc more tailorctl, sophisticatctl, efficient, antl cost-effective. 
'I'hc public's conccrns ahout grountlwater contamination from industrial antl 
apricultrtral chemicals, inclrttling herbicides, place morc rlrpcncy on the devclop- 
nicnt of non-chcmical aquatic wecd managcmcnt approaclics. 

Experience has sho\vn that key components of aqnatic weed management 
in this age must inclitclc multi-agcncy co-ordination where public aratcrs are 
concerned, and a highly effcctive public awareness and education programme. 
Managers in Canada havc bccn espcci~ly thortghtfttl ant1 diligent in thcir public . 

education and quarantine cfforts, and thc wcstcrn U S  statcs arc increasing thcir : 
activities here too. With thcsc inprcdicnts, and continued basic ant1 applictl 

' 

research on the nuisance aqrtatic plants, it shoitld be possible to rctluce thc ,' 

economic antl hcalth impacts of aquatic weeds greatly in the next decade. 
. !  

A C K N O W L E D G E M E N T S  

The  following pcoplc providetl various information and resources and their 
help is greatly appreciated: Mr  Carl Tennis, Mr Grcg Crossman (US Bureau of 
Reclamation); M r  William Mitchcll (California Dept. of Water Resources); Mr 
Winn Winkyaw (Salt Rivcr I'rojcct, Arizona); Mr Nathan I)ccliorctz (California 
D e p t  of Food and Agriculture); Dr Peter Newroth (Ministry of Environment, 
Vancouver BC), Ms Sherry Williams (USDA/ARS, Davis, Ca.). 

(b) Aquatic weed problems and management in the 
eastern Uriitcd States 

K .  K .  S T E W A R D  

TIIE total arca of srtrfacc water in the eastern statcs of the USA, in which aquatic 
weed prohlcms nlly occur, is approxiniatcly 80937km2 (8.7million ha, l'ahlc 
19b.l). This is an arca abortt the size of Austria, or slightly larger than the statc 
of Mainc in thc USA. 'I'hc pcogr:~pliical houndnrics of this area arc 24" to 47"N, 
and 67" to 92" W. 'I'hcrc is a widc tlivcrsity of climatic ant1 hahitat conditions. 
The  southern states with warnicr tcmpcmturcs, longer growing scasons, ant1 
generally hard, fertile water, tcnd to have more scrious aquatic weed problems 
than do the northcrn states. As would be expected, aquatic plant management 
programmes have hcen established longer and arc morc active in the southern 
states. Table 19b.2 lists the aquatic plants which may create prnblcms in the 
eastern USA. Each species is identified by a two-character symbol when rcportctl 
as a prohlcm (Table 19h.4). 'l'ablc 19b.3 lists aqrtatic hcrhicidcs uscd to control 
various prohlcm spccics and arc also identified by a two character symbol when 
uscd on a particrtlar prohlcm species (Table 19h.5). 

The  largest proportion of thc activitics to manage aqrtatic plants is pcrfnrmcd 
by public agencics of fcdcral, statc, county, and mttnicipal govcrnmcnts. l'lic US 
Army Corps of Engineers (CE) and the Tenncsscc Valley Authojity (TVA) arc- _- 



'The Rawa hlanclmho, a reservoir for the storage o f  irrigation aater in West Java (Indone- 
sia), covered hy a tlensc vegerntion o f  aqiratic weeds (mainly water hyacinth, Eichhnrnia 
rm.ts~pes). (Photo: A.  1-1. I'ieterse) 
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